Background: There is significant heterogeneity in the treatment of stage IIIA non-small cell lung cancer (NSCLC). This study evaluated the therapeutic and survival disparities in patients with stage IIIA NSCLC based on the facility volume using the National Cancer Database. Methods: Patients with stage IIIA NSCLC diagnosed from 2004 through 2015 were included. Facilities were classified by tertiles based on mean patients treated per year, with low-volume facilities treating #8 patients, intermediate-volume treating 9 to 14 patients, and high-volume treating $15 patients. Cox multivariate analysis was used to determine the volume-outcome relationship. Results: Analysis included 83,673 patients treated at 1,319 facilities. Compared with patients treated at low-volume facilities, those treated at high-volume centers were more likely to be treated with surgical (25% vs 18%) and trimodality (12% vs 9%) therapies. In multivariate analysis, facility volume was independently associated with all-cause mortality (P,.0001). Median overall survival by facility volume was 15, 16, and 19 months for low-, intermediate-, and high-volume facilities, respectively (P,.001). Compared with patients treated at high-volume facilities, those treated at intermediateand low-volume facilities had a significantly higher risk of death (hazard ratio, 1.09 [95% CI, 1.07-1.11] and 1.11 [95% CI, 1.09-1.13], respectively). Conclusions: Patients treated for stage IIIA NSCLC at high-volume facilities were more likely to receive surgical and trimodality therapies and had a significant improvement in survival.
Background
Lung cancer is the leading cause of cancer-related death in the United States, attributed to approximately 44.7 deaths per 100,000 persons annually. 1 An estimated 234,000 cases were newly diagnosed in 2018 in the United States, with 154,000 deaths from the disease. 2 Non-small cell lung cancer (NSCLC) constitutes approximately 85% to 90% of all lung cancers. Among patients with NSCLC, it is estimated that approximately 20% have locoregional spread and approximately 27% have stage IIIA disease at initial diagnosis. Stage IIIA disease or locally advanced NSCLC includes a wide variety of subsets, such as T1-T3N2M0, T3N1M0, and T4N0 or N1M0 disease, depending on the size of the primary tumor and location of nodal metastases.
Given the variety of subsets, there has been significant heterogeneity in the treatment of stage IIIA NSCLC, and the exact indications for and role of surgery have been controversial. [3] [4] [5] Most clinical trials of patients with locally advanced disease have included the entire spectrum of patients with stage IIIA NSCLC, and the numbers in individual subsets of categories have been too small to make any definite conclusions on the utility of that particular therapy option in that specific subset of patients.
The Intergroup 0139 study demonstrated an improvement in 5-year progression-free survival and local control with surgical resection after neoadjuvant chemoradiotherapy. 6 A trend toward improved overall survival (OS) was seen in the surgery group, although this did not reach statistical significance (27% vs 20%; odds ratio, 0.63; 95% CI, 0.36-1.10). The resectability of T4 or N2 disease is highly dependent on the local expertise of the surgeon and the management of complications by the comprehensive care team. 7 Moreover, despite an increased association between toxicity and combined chemoradiotherapy (CRT) in stage IIIA disease, previous studies have shown an advantage for combination CRT. 8 This survival advantage may be attributed to better management of the complications or toxicities.
Over time, multiple studies have described higher rates of mortality at centers where fewer patients with cancer were treated annually. 9 We hypothesized that this may also be the case with stage IIIA NSCLC because of the absence of specific uniform treatment patterns. Previous studies have shown interinstitutional variations in therapeutic algorithms for stage IIIA NSCLC. 10 Therefore, we sought to analyze the association between facility volume, treatment modalities offered, and different risk-adjusted outcomes in patients with stage IIIA NSCLC.
Methods

Data Source
Data for patients with stage IIIA NSCLC diagnosed from 2004 through 2015 were obtained from the National Cancer Database (NCDB), which includes .70% of all newly diagnosed cancer cases in the United States and Puerto Rico. Because both the facility and patient data are deidentified, this study was deemed exempt from review by the Palmetto Health-University of South Carolina Institutional Review Board.
Study Population
A total of 1,393,073 patients with NSCLC were identified in the NCDB from 2004 through 2015. Patients with stages of NSCLC other than IIIA (n51,249,863), multiple malignancies (n532,623), and unknown length of follow-up (n59) were excluded. Furthermore, because the NCDB provides data based on the facility at which the malignancy was initially diagnosed and first-line treatment was offered, patients diagnosed at one facility and treated at another were also excluded (class of case "00"; n515,225). Patients diagnosed in 2015 (n59,700) were also excluded from the final OS analysis to allow at least 1 year of follow-up. We selected the "reference date cutoff" as 1 to account for completeness of data (n51,980). The case selection process is detailed in Figure 1 . high-volume facility, upper one-third) ( Table 1 ). Our primary outcome of interest was OS, defined as the interval between stage IIIA NSCLC diagnosis and death. Patients who were alive at last follow-up were censored from the analysis. Information on type of therapies received and OS based on hospital volume were analyzed from the database.
Covariates Included
The primary predictor of interest in the analysis was facility volume. Factors that significantly predicted survival in the univariate model were patient demographics (age, sex, race), insurance status (no insurance, private, Medicare, or Medicaid), Charlson-Deyo comorbidity score, tumor characteristics (grade), and type of therapy received (eg, surgery, chemotherapy, and/or radiotherapy) (P,.01). The univariate association of each covariate with OS was assessed using a Cox proportional hazards model ( Table 2 ). Covariates that were significantly associated with OS (P,.05) were included in the multivariable model, and forward stepwise selection was used with a P value cutoff of .10 to exclude the covariates.
Statistical Analysis
SPSS Statistics, version 24 (IBM Corporation) was used to account for clustering of patients within facilities (based on volume: lower one-third, middle one-third, and higher one-third of patients), and a Cox multivariable proportional hazards model was used to determine the volume-outcome relationship, adjusting for covariables discussed in the previous section. We expressed nonnormally distributed continuous variables as median and range. One-way analysis of variance was used to compare continuous variables, and chi-square tests were used to compare categorical variables between tertiles. OS was estimated using the Kaplan-Meier method and log-rank tests. Values of P,.05 were considered statistically significant. (Table 1) .
Results
Baseline Characteristics and Facility Volume Stratification
Treatment Analysis Based on Facility Volume
Significant differences were noted in the management of stage IIIA NSCLC by facility case volume. Patients at high-volume facilities were more likely to receive some form of therapy (87% vs 83% and 85% at low-and intermediate-volume facilities, respectively; P,.001).
Although the percentage of patients who received chemotherapy and radiotherapy was similar among the facilities, patients at high-volume centers were more likely to receive neoadjuvant chemoradiotherapy (7% vs 4% at low-volume facilities).
Factors that predicted use of surgery in logistic regression analysis were female sex, lower Charlson-Deyo comorbidity score, private insurance, higher education status, lower T and N stages, and treatment at highvolume centers (Table 3 ). Approximately 25% of the patients treated at high-volume facilities received surgical therapy (either alone or in combination) as part of their management plan compared with 20% and 18% of patients treated at intermediate-and low-volume centers, respectively. Patients managed with surgical therapy at high-volume centers were more likely to receive a lobectomy than those treated at intermediate-and lowvolume centers (17% vs 14% vs 12%, respectively; P5.01). Among patients who received surgery, rates of R0 resections were higher at high-volume facilities (21%) than at intermediate-(16%) and low-volume (14%) facilities. Patients treated at high-volume facilities were more likely to receive trimodality therapy than those treated at low-and intermediate-volume facilities (12% vs 9% each for lowand intermediate-volume facilities; P,.001) ( Table 1) .
In subgroup analysis, patients with T4 disease were more likely to receive surgical therapy at high-volume centers (25%) than those treated at intermediate-(22%) and low-volume centers (18%). A similar trend was seen in patients with N2 disease: those treated at high-volume centers were more likely to receive surgery (24%) than those treated at intermediate-(18%) and low-volume (17%) centers.
Survival Analysis
Cox multivariable analysis showed that female sex, black race, lower Charlson-Deyo comorbidity score, private insurance, lower tumor grade, and receipt of trimodality therapy (surgery 1 CRT) were associated with better survival ( (Figure 2 , Table 4 ). Surgical therapy was independently associated with prolonged OS (P,.001). Among patients who received surgery, those who underwent pneumonectomy had significantly higher risk of death than those who underwent lobectomy (HR, 1.37; 95% CI, 1.30-1.45; P,.0001).
In subgroup analysis, patients with T4 disease managed with surgery at high-volume centers had better median OS (19 months) than those treated at intermediate-and low-volume centers (16 and 15 months, respectively; P,.001). A similar trend was seen in patients with N2 disease; patients treated at high-volume centers had a better median OS (18 months) than those treated at intermediate-and low-volume centers (16 and 14 months, respectively; P,.001). In addition, we compared outcomes related to different levels of facility volume by stratifying for upfront treatment approach, which showed that patients managed with surgery, chemotherapy only, or CRT at high-volume centers had a statistically significant median OS (see supplemental eTable 1, available with this article at JNCCN.org).
Discussion
This retrospective analysis using the NCDB, which includes .70% of newly diagnosed cancer cases in the United States, showed that patients treated at facilities with higher annual volumes of stage IIIA NSCLC had lower mortality rates than those treated at lowervolume facilities. This difference persisted even after adjustment for patient demographics, functional status, tumor characteristics, treatment modality received, and clustering of the outcome within hospitals. Previous studies have demonstrated that patients who had surgery performed at high-volume centers and by dedicated thoracic surgeons had better survival than their counterparts. 11, 12 Our study evaluated the potential differences in treatment patterns among patients with stage IIIA NSCLC based on facility volume. We found that patients at high-volume centers were more likely to receive neoadjuvant and surgical therapies. This difference in treatment patterns may be attributed to better selection of patients for surgery at high-volume centers. Given the heterogeneity of stage IIIA disease, treatment algorithms and practices vary among hospitals. For example, some centers opt for surgical resection of the primary tumor if disease is limited to a single section of mediastinal nodes. 11 Selection of patients for surgical resection in stage IIIA NSCLC is tricky because of the lack of precise definitions that can be applied universally; for example, most guidelines reserve surgery for earlier-T-stage (T1-T3), N0-N1 disease and "potentially" resectable stage IIIA-T4 or IIIA-N2 disease. The definition of "resectable" IIIA-T4 or IIIA-N2 disease is largely dependent on the local expertise of the care team. 13 Moreover, the decision to proceed with surgical resection usually includes a detailed preoperative pulmonary function evaluation and critical intraoperative Time From Diagnosis (mo) Overall Survival (Probability) 30 Figure 2 . Kaplan-Meier analysis of overall survival based on hospital volume.
a P,.001 (vs high-volume facility).
assessment of the feasibility of complete resection, and considers the feasibility of handling the postoperative complications at the surgery-performing facility, which typically needs a multidisciplinary team approach. Our findings show that a larger percentage of patients with T4 and N2 disease were likely to receive surgery performed at high-volume centers. Furthermore, we found that patients with stage IIIA-T4 or IIIA-N2 disease managed surgically at high-volume centers had a better median OS. Although a proficient surgical team may be associated with better survival in stage IIIA NSCLC at high-volume facilities, there may be several other factors to consider in our analysis, including the availability of advanced diagnostic and staging techniques, a multidisciplinary management team that maintains effective communication, enrollment in clinical trials, 14 and level of proficiency of the care team in managing any underlying pulmonary disease, which may not be readily available at low-volume facilities.
It is possible that a large number of patients with "lower disease burden" were treated in high-volume centers, but no clinically meaningful differences in tumor stage and nodal status were noted among high-, intermediate-, and low-volume centers (Table 1) . Among patients who received surgery, those who underwent lobectomy had better survival than those who received pneumonectomy. Previous studies have shown similar superior survival rates in patients who received lobectomy, which may be attributed to higher complication rates associated with pneumonectomy or to pneumonectomy being performed in patients with extensive disease. [15] [16] [17] Interestingly, patients managed with surgery at high-volume centers were more likely to receive lobectomy than those managed at low-volume centers (17% vs 12%). A similar trend was seen in an Ontario registry-based study, which showed that high-volume surgeons were less likely to perform higher-risk pneumonectomy procedures compared with lower-volume surgeons. 18 Proper selection of surgical procedure based on surgeon expertise may translate to a significant reduction in adverse events. Among patients who underwent surgical resection, those treated at higher-volume centers had better R0 resection rates. The association of better R0 resection rates with high-volume facilities in patients undergoing complex cancer surgery has been attributed to increased proficiency of the surgical teams at these facilities. The other possible explanation of better OS associated with high-volume facilities is the availability of a supportive care team providing better ancillary support and symptom management. 19, 20 These caveats illustrate the increasing complexity of stage IIIA NSCLC management and support our findings that the volume-outcome disparity is pronounced. In addition, Wang et al 21 showed that patients with stage III NSCLC treated with definitive CRT had a better OS at highvolume centers.
Our study has considerable limitations that are inherent to retrospective registry-based studies. First, because the NCDB data are limited to the facility but not to individual practitioners, the study did not take annual physician volume/cumulative physician experience into consideration. However, facility volume, rather than individual practitioner volume, better reflects the multidisciplinary nature of contemporary stage IIIA NSCLC treatment. Second, owing to lack of detailed information about the hospitals and specific type of therapies (and their complications) offered to patients, we were not able to analyze specific reasons for high-volume facilities having better outcomes than low-volume facilities. Third, the NCDB reports OS but not cancerspecific survival, thus allowing the possibility that patients treated at high-volume facilities might be healthier at baseline. To address this concern, we adjusted the Charlson-Deyo comorbidity score in the analysis and did not see significant differences in this score among the hospital groups. Fourth, the NCDB does not provide data on the percentage of patients enrolled in the clinical trials at these facilities. It is possible that patients treated at high-volume facilities have an increased opportunity to participate in clinical trials, which can also affect outcomes. Finally, the NCDB does not capture any data if the patient switches institution after receiving the first therapy. Despite this, we believe our results provide a real-world view of the state of stage IIIA NSCLC management, and show that even after adjustment for treatment modality, patient volume was associated with outcomes. Results of our study raise several important considerations. It is important to note that not all patients with stage IIIA disease have access to high-volume facilities, for multiple reasons, which may include financial burden and physical effort needed to travel long distances to access high-volume hospitals. Our study emphasizes the need for future studies to determine what specific factors confer a survival advantage at highvolume facilities and to ascertain whether these factors can be adapted at low-volume facilities or whether the regionalization of care improves care delivery and survival in heterogeneous cancers such as stage IIIA NSCLC, which require multidisciplinary cancer treatment and complex procedures.
Conclusions
Our study adds to the mounting evidence of a volumeoutcome relationship in managing patients with cancer. After adjustment for patient demographics, tumor characteristics, therapy received, and comorbidity index, our results showed that patients treated for stage IIIA NSCLC at high-volume facilities had a significantly lower risk of all-cause mortality than those treated at lower-volume facilities. This finding is critical, especially for patients with stage IIIA NSCLC, because there is no consensus regarding optimal management, and a multidisciplinary approach is needed. 
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